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TAIL 2ROFIG3 ON TEE HIGH-SPEED LONGI’JXJDR?AL

CONTROL (3?A FURSUIT AIRPLANE

By Charles F. Hall“.

SUMMARY

This re~ort presents the results of high.-apeed‘wind-tunnbl
z’esearch on the effects of rnodificatfons to the horizontal--tail
profile on the static longitudinal stdbillty and control,of a
pursuit airplane at high qioeds. ‘IWOsymmetrical stabilizers
{a modified I?ACAfour-digit and an NA!M 6~eries airfoil), two
flat-aided elevators, and three elevators with bulged profiles
were investigated. The tests covered Mach numbers frcm approxi-
IM.tdy 0.30 to 0.80. The pitching-moment and elevator hinge-
moment characteristics for a model airplane with the va-ious tails

-...

are shown. The distribution of pressure over the tails Is presented.

The data indicati that the modifications to the horizont@.-ta.il
profile have ellmostno effect on the pitching+ncment characteristics
of the model, but have a pwerful effect ori+ihcJhinge-moment charracteb
istics. The effect of bulging the elevator profiiej tith either
stdhilizer, is to improvo the control characteristicsby eliminat-- ---— ‘
ing or reducing tho severity of the reversal of st-ickforco at
high speeds and reducing the stick-force gradient. “-””

.,
.INTRODUCTION

The attaiment of suporcritical speeds by-aimlanes in high-
speed.dives has made imperative the determination of tie lon@tudi- ...
nal stability end contxol of those airpl~es in the speed range
above the critical, since many pilots have reported”large changes
‘inthese characteristics in this spood.range. As pert of a prqp=
to study stability and control ch~acteristics at supereritical
speeds, the wind--tunneltests discussed in this report Were
un@mtaken.

Tlm airplsno used as the suh~ect of these tests was chosen
because it had exhibited no dangerous longitudinal characteristics
during recoveries from high-qeed dives. It was believed that a
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knowledge of tho factors producing tho satisfactory divo-recovery
characteristics of the airpkno would b~ of’value to designers.

Zn ordor to detemino the effect of tho bulged elevator profllo
of this airplano on the longitudinal+tabflity and -control character-
istics, it was felt dobirable to test a fl~t-sided alevator. It ws
also decided to test & stabilizer having a lGw-drag airfoil profilo
in conJuncticm with one flat-sided elevator and two elevators wtth
bulged profiles to detormino :f tho satisfactory stability and
control characteristics could bc maintained or improved at the
same time that the hag of the airplane was decreased. Tho five
difl%rant tails wero therefore tested on tho model at Mach numbers
from approxtmat~ly 0,30 to 0.80.

AIKeARmJs

The tests discussed in this
16+?oot’higlh~poedwind tunnel.

AND TESTS

report were mado in tho Amos

The modol represented a U. S. Army purkn,dt airplano to onc-tiird
scale and was designed and built at the JknesAerona.utiealLaboratory
according to lines supplied by tho designers-of the airplane.
Pertinent dimensions of the model, togethe~ with corresponding ail?-
plazm dimensions, are ~iveriin the apyendix. A three-view drawing
of tho model is shown in figure 1, end.photographaare presontod M
f@urQs 2 to 4.

Drawings and dimensions of the five ta.llstested on tho modol
are shown in f@ures 5 to 9-,.For brevity, thoso tails will be
referred to as’the H, 110, HI, E2, and H3 tails* h%en nut specified,
tileII(s*n*a) tail is implied.

The plan fozms of all tails were the same oxcopt that the HI,
H2, and Ha tails had a tip shape

tails and did not have tho paddlo
profilos of tho various tails ~re
table:

difforen% from that on tho H end Ho
balances-on the olovetors.
swmnerizod in thcifollowing

l-ho

■,.
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‘ E (standard) EACA
E. NACA
Hi NAM
% - .’NACA
Es NACA

..

The root chords of the E

Stabilizer
section

0022 (at root)
0011 (at root)
65&N_o
652410
65#no

and Hm elevators
the actual root thickness of the ails 10,25

Elevator
section

Bulge
Flat side
Flat side
large bulge
Small bulge

were extended to make
percent of the chord.

The tip sectfon of the H and ~ stabili~ers was similar to the
NACA 0009 section, although slightly thinner frmn the point of
maximum ?Mcknees to the elevator hi”ngeline. The actual thickness
of the tip section was 9.75 percen-tof the chord. .. —

,- .-

The elevator of the H tail was constructed,of Eolid dural.
The elevators or the other tails were cons%ruoted of laminatid wood
Gcrewed to steel cores. The hinge mnments for ti elevators were
measur,edby electric resistance drain gages. ..—

The investigations of the stability Characteristic of the model
with the H and HO tails were made with the cooling duct removed.
(See fig. 3.) MIs deviation from ‘&e standard model was necessary
because the construction of a duct conforming to new lines developed
during preceding tests of a full-scale prototype in ~“e 16-fobt
wind.tunnel had not been ccxnpleted, A comparison of subsequent tests
of the model with and without the cooling duct, however, fndicated

.—

that the duct had a negll.gibleeffect cm the pltehigg+noment coeffi-
cient. It is also believed that the cooling dust had-iittle effect
on the hinge-moment data for the two tails.

REDUCTION OF DATA

Coefficient and Symbols

The wind-tunnel data were reduced to standard lLWA coefficients
based upon the model dimensions. Pitching moments were ccmputtid” “-””
with respect to the normal centez=of-gravity locatioh. (See appendix.)
The coefficients and symbols used in this report are defined as
follows:

.:”.
.“

. .
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cm

Che

P

Pcr

M

Mcr

a’

5*

AE

+3’

~

v

a

28

PL

.s

c

be
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lift coefficient (lift/qS) ““ .
a

pitchlng+mment coefficient (pi4&htngmoment/qSc)

—elevator hfnge+xxmnt coefficient (elevator hinge m~nt/qboced)

pressure coefficient [(PL - PJ/qJ

critical pressure ooefffc~ent (the pressure c&#ficlent
at which the spqed of sch.uiiis reached iocally)

Mach number (V/a)

critical Mac,hnumber (the Mach’nwnber at which the speed
of sound is reached locally)

angle of a.ttack,,degreeg (The ahglq is measured rohtive .
to the fuselage refer~nca linb.)

elevator angle, degrees (The angle is considered posltlve
when the trailing edge is “down.) ,

indicated acceleration normal to flf~t path, expressed as-
a factor of the accelarat~cjnof gravity e,

1
acceleration due to gravity, (32.2 feet per second per second)
. . a

d-~c press~”e~ ~o~ds Par eq=e fOOi .

velocity of air stream-correctedfor constzzicti.o~effects,
feet per eecond

speed of’sound in.free stream, feet per second
.

fIW&StrOEi?BEI%tiO pressure, pounds per square foot

locel static pressuiw,”pounds per square

wing ~ea, square feet,, ,.

moan earodynemtc chord of wing, feet

foot

elevator span,

moan square of

feet .

elevator chord behind hinge line, feet squared
&

■
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After the tests discussed in thts report were completod,
refinements were made in the amthods used to calibrate &o wind
tunnel. (SOG reference 1.) SinC~ it is b~li~~e~ the ~Qfbration
obtained by these.improved.methods 1s more ammrati than that used
during the original testing, the results in this report have boon
based on tho later calibration. .-

----

Tunnd-Wall and T=~ Commctlons
,,

me corrections applied to th L@.%.to account for the constricting
effects of the tunnel wall aro tlnosodiscussed in refcn?enco1. Cor--:
rections to aocount for t.h tnducod oftocts wore cdculate~ from
roforence 2. The -s co~~cti~ns wore evaluatmd%y supporting tho
model at the wing tips (fig. 4) snridptcrmining tie aerodynamic
characteristics of tho model with and without the noinal stipy-et%
system in ,place.

RESULTS AND I33H2UES1ON

a LongituciLna3Charactoristtcs of Mod-d

w“- Tho lif’tcoefficient of tio model in relation to the
● anglo of attack and Machnumber is shown in figure 10, The slope of

the lift curve increases from O.& to O.ld.kbetwmn 0.30 and 0.70 ““”
Mach nunber. With fuzzthcrincrease in Mach nmnber to 0.8c),the
slope decroa.sesto 0.0~6. Tha wf?nd-tunneldata indicati no increase
in tho angle of aHaok for zero lift with M&h number, e ck,sractcr-
istic in contrast to that of many wings at hi@ speeds.. This is a
desirable characteristic from tie standpoint of longitudinal etibility,
as will be di~cussed later. NO well-defined relationshi~ is indicated
between the crit~cal Mach number of the wing (Fig. 11) and the Mach
nwnbor at which the lift coeffictont for constant anglo ,ofattack
decreases. A comparison of figures 10(b) and 11 shows that up to an
angle of attack of 4° this Mach number corresponds quito closely with
the criticsl value at wing station 62.33, the station having tio
highest critical Mach nunkmr.

Pitching moment.— The pitchirg+mmmnt coefficient of the modol
with the H tail but with tho cooling duct rcmovod is shown in.
figure 12. The data iMicato that -%m/~L decroasos as thb Mach
number is increased frcm 2.30 to C.70; with further increase in Mach
number to 0.80, ~@CL shows a large increase. It willbe notioed+

.
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that tho Mach number of dmarcatioti homroon .docroasin~aud incroasin~
~Cm/~CL coincidos with that botwoon increasing and docroaslng ~~/&z.

1

F@ro 12 also shows the offoct of Mach number on tho pitchi~-
mnment coefficient for constant lift coofficiont. Tlhodata indicati
en abrupt docroase in pitchtng+mmont coofficiont with incroasin~
Mach number abovo 0.675 at 0.80 lift coofficiont and nbovo 0.75 at
zero lift. Thisabrupt dscroase in pitching+nment coefficient
causes the elevator-angle variation with speed to become unstable,
which if not compensated by the elevator hinge+mment characteristics
will produce large increases in *he pull required on the stick for
dive recoverle6.

.

.4

The d&ta for the model W.th.tbe empennage “off(rig. 13) do not -
show em abrupt decrease of pitching+mnent coefficient with increas-
ing Mach number as do those for the ccmplete model but, on the
contraryj indicate an increase at th6 high Mach numbers. !l’he
difference between the pitching-manent characteristicswith and- “
without the tail must be attrilnlted,therefore, to a decrease in
download or an increase in upload on the tail. The change In the
load on the tall is cau~ed prinuwily by the increase in angle of
attack of the tail due mainly to the increase of model angle of ,
attack with Mach number necessary to matntain a constant lift
coefficient, but also to a smql.1extent due to changes in the aggle
of downwash from the wing caused by a small ou~bosrd shift of the

a

Mft on the wing at high Mach numbers..Since the major cause of the
abrupt decrease in pitchin&mnent coefficient with increasing M&ch
number is the increase.in,$he angle of attack of the model, it is

.8

obvious that this pitching+?mment chcwacteristicwould be $reatly
aggravated by increases in the.a@Le of attack for zero lift with
Mach number. As previously stated, the wing of this model does not
exhibit these unfavorable lift characteristics,a factor partly
responsible f’ovthe good dive-recovery qualities of the airplane
at high speeds. ,-

To a smaller degree the change in load on the tail is caused
by the variation of &L/aG of the taiX with j.ncreasi~lbch nwber.
Da,tafram tests of the model with different etahilizer .4.ngleJsindicate
that &L/aa of the tail increases with Mach number up to 0.70, but
decreases with further increase in’Mach number. This characteristic
will aggravate the abrupt decrease in pitching+mment coefficient
when the tail load is downward, but will relieve it when the load “
is upward.

Tbe pitchingaoment-da.tafor themodel with the other four ta.il.s

❑
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\ discussed in this ~eport are shown inrelatd.on to elevator angle
and lift coefficient at a constant Mach m.miberin figures la to 18,
as are those for the H tall in figure 14. Although the data for
the fourtailaare rather meager with respect to Mach n~ber varia-
tions, a comparison of theee dati-witi those for the E te,ilindicates
trends almost identical with those previously &iscuseed. It therefore
can be sait that the changes of elevator ~rofile.&iscussed in thi8
report have no appreciable effect on the longitudinal-stability .
charac%ristics of the model. ..

Elevator Einge-Moment Characteristics

The elevatou hinge-moment coefficients an& the pitch3ng+mnent
c%fficients m sho-wnZn figures 14 to 18 for tha five tails tested
on the model. The elevator angle and the hinge-mcment ~~efficient
for balance tith zero tib angle can &refore ~e doti.~ined at e~h

“’ Mach numhbr frcm theso f@ures. In addition, some of tho more
important characteristics shown in figures 14 to 2.8~’e sunmartze(i
in table 1.

IAs.indicated in figures 14 to 18 and in table 1, the vslue of
~ep~e .at 0.30 Mach number is nogativo throughout the eleia%o@-
angle and lift-coefficient range of the tests for each tail and,
in addition, is nearly constant. These data also show the effect
of the bulged elevator profile at 0.30 Mach number. Comparison of

—

the results for fi~ flat-sided elevators with those for the E tail
(staMiard) shows that the avbrago values of ~Cke/~~e foi the Ho”
an~ H1 MIS are approximately 62 and 52”percent moro negative,
r=spoctively, than that for the H *U. Fotithe Ha and Hs tails
the values are approximately 4 and 21 porcont mo-renegative.respcc-
tivoly. It should IJOnoted that these average values of a~faae

are somewhat different fronithose shown in the summeiy ta%le since
t@-latter correspond to,,zero lift ad pitchin~ moment. The values
in the summary, hotiver, also show the larga beneficial.effects of
the bulged elevator -profilg..

The data indicate that increasi~ Mach number up to O.M
pyoduces ltttlo change in tho variatiw of”hingo+mment cocifficiefit
tith elevator angle for tie fbt-sidbd” elgvators. Tho velues of
~e/a5e stin ~-e ne~tive t~o@out the li~~~oeff’iciont and
o+ovator+nglo range of the tests,”al~ough somewhat Loss negative ,
than the vsluos for these elevators at 0.30 Mach numbev.

!I?meffect of ineroas-ingMach nwber on bche/bbe for the
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olovators with bulged profilos, howc.vor,is pronounced. “’Ihodcta
indicate that for the E ta~.1tha vnlue of. ~ho/~So doos not rm!lin
nogntivo throughout the lfft=and OleVatOr@.G r@06 at hi@oL”
Mach nwnbors~ but becomos positive at 0.60 Jkch number, 0.60 lift
coefficient, ard –1° olcmztor @glc. Thie ovorbclanco wlti respect’
to elevator tiflectiqn incroasos with Mach m.mbor, oxtamdi~ ovor
a rmgo of ~“ olevator”an@.3 at 0.80 h?ac.hnumber. ThC H2 td.~
shows oven a l~ger mrtition of @/~50 ti.thMach number than
dms the H tail. At 0i80 lliachimmber.the quantity is positivo ovor
a 6° rm.ge of elevator deflection. E’or.tkm H3 tail &2&/~50
varj.eewith Mach number to a lesser ~xtent than for oi%hor tho H or
H2 tail and no ovorbalanco is.indicated within tho rcn& of tho tests.
At 0.80 l&.chnwbor, howov6r, tho avorago value of ~@e/~50 is
approximately 30 porcont loss nogativo than at 0,30 &ch nuhber.

An insight into thO causes Of th~ vtii;-tiOnOf a&/a60with
increasing Mach number for the elevators with abulgod profilo is
shown by tho pressure distribution over tho elovo,torsurfaces.
!I%esedatG are shown in figure 19 for the fiye tails tested at
elevator angles from -40 to 4°. A ccmp=~ison of the duta for the H
and HO taih shows that the bulge CaUSeS a >~go pl?=SSUrO~G~ to
occur on both the up~r and lower surfaces v.~ying from approximately
60 to 80 percent of tho tiil-pl.anechord. At 0.30 Mach number tho
peaks on the upper and 20WGP surfaces %nd to opposa each other and,
therefore, do not titer to a grout extent the resultant 100A on the
elevator, In general, Q decrease in elovo,torc.nglbincrmsos thci
download clong the entiro elevator choiidas indicated for the ~
tail. With vsxiation in elevator cmgle the load on tlm olovator doos
chango more near the hinge line and loss aft of the 80--porcont-chord
station for tie H tail than for t@ Ho tail. At 0.80 Mach
number the eff~ct of the bulge on the lowur eurf~ce is similar to
that at 0.30 Mach numtmr, but there are large changes in tho pressuroa
on tho upper surface. l?orexamyle, for 4n elevator-anglemovemont
frcm k“”to 0°, tho pressure peak moves tit frcnn70 to 78 percent of
the chord and the coefficient ducroasos from- -o.64 “to-0.77 at 0,80
Mach number; whorms, .at0.30.Mach.nwnbqr, the pock moves oft from
72 to 77 percent of the chord and th~ coefficient.incroc.spsfrom
4.56 to-o.46. ~ result of tho largo ctingos in prossuro tistii-
bution on the upper surface is to oltcr complothly the load dlstri–
bution on tho H elev~.torfrcnnthat on the Ho ulovator. Aft of
the 7>porcent--choi-dstatf.m tho Variation of load with okVStOr
angle is opposito that for the Ho t~il, thcroby causing tko qvo-

balanco indicated by tho H tail.

The data for the olevatmrs of _&o low-drag tails (Hz, Hz, cmdw)

●

. .

.

----
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indicats phoncmmna smowhat &Lffercmt f~a.athat discu6sod for tho
E and Ho tail. Tho prwmro pinks on tho olavntors with %ho
bulges occur at ayprox+.matuly8S pcrccnt of the chord &nd noithoi
elevator angle nor M& numtmr variatton cltozstho loc’zt:onof tho
peak ● The data also indicati that incroa,sesof Mkoshnumbcn?~~fm$
the prossuroa o~er the bulg~ on both tie uppe~ ~d low3r surfaces”

c3qually. NOW tho hinge ~ino, the vcrio.tion of 100-dwiti eluvctor
mgl.e is simi~m for tkG throo tails at Q Mach nuinbors. Nmr tk
trailihg @gQ, however, tho bulges on the olovaior profilo ce.usoa
reversal in the variation of load with olevatm englo, whi~h
becomes more pronolmcod with increasing Mach number. EJhIce it” “
OCc~s now the trailing edge, +JJ3rovers~ of Ioti vcriation with
Glevatxr angle has a iargo effeci on tke Einge+xmmni coo~fZcfont.
The data of figuzze19 also indicate that “thoproesuro coofficient
fcm the H tail considerably e-xoeodstho critical pro~suro coeffi-
cient at O.8o lkch numlmr. The lyzl.ges02 the.low-drag tails wore
designed to reduce the lazzGeprocmu% pcm.kson the elevatzr. Tim
data indicate thatJtho prezsure coofficiont Zor thg R2 -
slightly exceeds the crittcai.a.t0.80.Machnuxkxr s,ndthat for the
Ha tail it remains subcritical th~oughout &a range ,of “the teAi3. -.

me. data of fiQJIros14 .tO18 r~d tcbls I dSO indicate the
effOCt On a~/bCL of tho bulga on the elevator ~rofile. .At
0.30 Mach nuubor, the quantity is ns~tivo fofiboth.tho.f~t-sid6d
elevators throughout t??olift-coofficiont and elevator-+ngle rmigo
d’ the tests. With increasing Mxh number tie quantity tends toward
zero smd bocomes slightly posttivc for botk eleyctors at O.~~ Mnch
nuxhr over a portion of tlhoelemtor-mgh rangu. For the H, H2s

smd E 3 elovcctom, ~%.eEL IS pmitivo thrcn@out no=’~Y the
entfre r.cnge@ the tests -d varies.obost Lirectly with tho
slgobreic valuo of ~o/a%. Hence, thb lcrgest positive.VOJUO of
aChe/aCL occurs at 0.80 Mach number for the Hz tx.il,tho kil
having &he greatest overbalance wtth respect to devator deflection.
‘l?hiev=i~tion of hingo+mment cmf fici.enttith modd lift c~offi-
cient countcmcts the ovcn?baisncewiti respect to el~vator ~f lecti”n- .
It is sufffciontly large to indic.zitotit no ov=-bQcnce ~~ occ~
in the klach.numborrango of the ‘@sts. F= the E ~~j tho@~
the decroaso in ~Chc/~ cnd tho incrmm in ~~ /~% ‘h-‘Aa
e30vo.%or--an@ersmge rcquir~d for”bdsnce at 0.80 liacbnumber
indicate that over??Qanco mz@ possibly oicu~ at hig)mr values d?”
Mach nunkmr.

., The cffocts on the hinge-mmmt ch.aractmistics of tho bulge
on fie H -d & ~>dls ~s~ indicate ,t,hapossibility Of ZZl

instmtaneo~~ rmerssl of stick forco during rapid zkmm.lvorfng.
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If tho attitudo of tho airplcno is such that it
region for which both *ho/~bc and aChG/~CL

NACA ~ NO.

Is flying in s.
arc positivo,

a rapid stick mcnwmolltmight produco c stick .forcoopposita to
no~ d.ucto the positiv~ vaiuo of ~efi~o. .kl?te~-lthacir@nno
rosponda to ‘tho.olovatormovemont, tho stick florcowill beccmo
nO~ Q@in bqcauso Of the pos’i.tivov31u0 of @@CL . There
havo boon no reports of such z yevorac.1occurring in flight, howover.

. . ..
Figures 14 to 18 anti table I b.lsoindicate the large efrect

of the b~ged elevator profile on the elevator angle corresponding
to zero hinge moment.,,For both Qf’the flat-sided elevators, “we
elevator angle correspondf’rig.tbzgyo.hinge moment and zero lift
decreases slightly more t@ml” frcm 0.30 to 0.80 Mach inzaber.
For a similar ve.riationof Mach “numb~r,the H, Hz. and H3 ‘tails
undergo decreades of app~ox+~tal;’ k~G,.80, and 3°, respectively.
Thie floating characteristic‘ofthe elevators with a bulge .onthe
profile w$ll tend to pull an airplane using such surfaces out of
a dive as the Mach mumber is increased. It is probably largely A

resp~sible for the good dive-recovery ch~acteristics of the
pursuit airplane withthe standard tail.

I1
Tn general, it can be said that the effect of the bulge on

the elevator profile is to cause both khe~08e and ~/aCL
t= become iess negative.and even at~in positive values over

●

portions of the test range; that is, the~r values increase algebra-
ically.. Increasing.,~Che/~be dgebrafcell tends to redUCe fkle

$
*

stick-force“gradient,and increasi
Y

aChe/ C tends to increase It.
However, since for this model the e feet of,2/@e ~be On the stick-

force gradient is between six and twelye times greater than that of
~Che/aCL~ the effect of the bulge on the elevator profile, in general,
is to reduce the stick-force @adient.

.

Calculated Chare.cte~ihi~S of Airplane .

Stick force and e16vator ang@.– The over-all ef~ect of ~o
various parameters previously discussed can best be shown by
calculating the stick force and elevator,angle for tho airplane
in various attitudes of flight. Consequently, the calcula@&

._ control characteristics of the’airplanewith the various horizontal
tafls are showm in figures 20 to 23. It must be reme?bared in
viewing these results that these stick forces were computed from
data obtained with solid model elevators. The stick–force charac-~- s
istics of the full-scale airplane pr~bably differ from those

.

r
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tiiscusscd hem duo to distortion of the f~bric or metcdmrf&gos of
the elxmltor. Howevor, t2iEItact should not influcnco the dlscu8tiion
of the rola.tivomerits of tho various tails, bfiguro !20thcl
variation of ~tick force rti elevator angle wi~fitrue ~rspoeci is
shown for tho al-rplanowtth the E tail (stcmic.rdtti) a? flvo
difforont oltitwios. The dab indicate that the variation of
olovator anglo with airspeed is unstcble a’bovospeeds r~ing from
575 miles per hour at SOU1OVO1 (approximately 0.75Mxh numhor)
to 470 !nilosper hour at &0,000 feet cd.titudo[approximately 0.70
Mach IllXllbOr).The stick-force variation with airsyeod for zero
tab setting is stable, howevor, throughout tho entirospeod rango
of the tests up to 30,000 feet tititudo. This is duo to tho float-
ing characteristics of thoolevntor previously montiom.d.

‘I’hodrspeod abovq which the variation of the calculated
elevator anglo ti-thspood.is unstdle (stick-fixed instability) is
shown in figure 21. !lhecurve was obtained by cross-plotting the
data frcm fi.guzze20. Figure 21 also show~ the airspeed above which
the airplane is indicated to be mgtable with the stick free. Stick-

9
free instability is defined,as an unstable vertatjionof stick force
with airspeed at the trim speed. The,data indicate that the airplam
equipped with the H tall till be stable with the stick frae for

? 20 to 40 milas per hour higher speed than with the stick fixed. This
charac~~istic, althoug!nbeneficial in the ?&.chnimber r“angeof these
tests, might prove undes~able at higher values. The pilot might be

. unaware that he was applying more up-elevator deflection becatise”of
the continuance of stick<ree stability or of the possibly lo+ stick
forces when the airplane became unstable stick free. It is therefore
possible liewould allow the airplane to reach alfach naber at which
the remaining stick travel wouldbe insufficient to effect a “
recovery..

The variation of stick force and elevator emgle with airspeed.
for the tests of the ftve tails are shown in figure 22. The d&ta
indicate that the changes in elevator profile made during the8e
tests have no effect on the stick–fixed stability; stick-fixed
instability occw~e at approximately the same airspeed-for all tails.
we changes in the eleva~r profile do effect greatly the variation
of stick force with airspeed, The data indicate that the stick+orca
Variation with airspeed for the H2 tail will rematn stable to a
speed above that for the H tail and above the range of tie tests at
zero tab angle, The push force with the Hz tail alSQ Shows a
greater increase with airspeed than that with the H tifi. fithOl.@
the push force with the Ha tail incraases mora with airspeed than
that tith the H tail, the data show a reversal of stick ~orce

..— ,
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at the h@h speeds. With the Ho md Hz tai~~ a reVer~~ in tho
variation of stick force with airspee~ also occurO at_approxima@ly
the mm speed as that for t% ~ %il. The reversal’tith the Ho
and H1 tails, howeverj is much more severe. Sucn a roversel in
sttck force is indicative that--largopull forces wouJJ3be ruquired for
dive recoveries. It occws because tim hinge+mmont characteristics
Of the flat-sided ebvators @.vo riot compens&ted for the stick–fired
instability awhavo those of the bulged elevators.

Stick-force gradien~.- In order to simplify the ccmputction
of the stick forcos for the a,irplaiiein accelerated flight, It was
assumed that for normal aocelorations ~ester than Ig thtiairplano
was at the bottom of a pull-out end for norm9i accolorations of lg
or 10ss the airplme fliglhtpath was straight.

The variation of stick force with normal acceleration fgr %
airplane at several altitudes and speeds is shown in figuro 23 for

, each of tho fivm tails tested. The data indicate that tho stick-
forco gradient with the H= tail (lowdrag stabilizer, large bulge
On elevator profi.lo)is s~ller - that with tho othar tails below
~3~miles per how at sea level and ~miles pm- hour at 20,000 feet
altitude (approximately0.70 .Machnumber). At the higbor speeds and
low accelerations the E tail (standard) shows the smallest
gradient. As previously mentioned, the very small value and the’
trend of’tho stick-force gred.ientwith tho H tail at the highest
speed indlcatos that overbalancemay occur at sped.s abovo the
maximum of the tests. At all speeds tho Ho tail (ston~nrd “ ‘
stabilizer, flat-aided oievator) shows tho largest”gradient. On
tho othox h?ad the stick-force gradient witk Hl tail”(low-drag
stabilizer, flat-sided elevator) ccmpcres quite favorably with the
gradients for the other lcJw-dr~ tiils at high speeas.

CONCLUSIONS

Wind-tunnel tests .todotennino tho e~~ect of modifications to
tie profile of the horizontQ ta,ilm t% longitudinal etsti.c
stcibilityand control,characteristics of a pursut=rplano indicate
tho following: .

1. Witk the exception of amal,lchanges in the ff~evatoron.glo
for zero pitching mcmmnt, tho profile chongos heve almost no offoct
on’the pitching+mmmrt cti~actiristics of the lnoikl. .

9
k. The effect of a bulge on tho cdovator profile with a

. .

f
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stabilizer having either a modffted NACA four-digit or
airfoil profile is tc cka~% the quanti.tiee aCh=/~8e

13

a 6~eries
EUId achnbcL

from negative values t? smaller negative or posi.%ivevalues and”to
cause the elevator angle corresp~ing to zero hinge moment to
become more negative with Increase in Mach number,.

3. With either stabilizer, the flab-sided elevators pgoduce
a severe reversal in the v~iation of stick force ti.tkairspeed at
high speeds. A small bulge on tke elevator with the low-~ag

.

stabilizer reduces the severity of tie reversal ap@eciably, but
does not increase the speed at which it occurs. A large bulge on
tie elevator with eithe~ stabilizer eliminates the”reversal through-
out the wind-tunnel test rmge. . ,,

4. The effect of the bulged elevator profile is to ii.educethe
stick-force gradient.

Ames Aeronautical Laboratory,
NatiO@ Advisory C~it~e fOr Aeronautics,” “

———
d Moffett F2eld, Cdif., March 1947.’

* ..
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APPENDIX

A.31?PIANEAND MODEL DIMENSIONS

Wing azzea,square fr3et . . . . . . . . . .

Wing mea aerodynamic chord, feet . . . . .

Whgspan,feet . . . . . . . . . ...’.”.

Aspect ratio of fing . . . . . . . .. . . . .

Wing Incidence at root, degrees . . , . . .

Elevator span (one elevatov), feet . . . . .

Mean square of alevator chord behind hinge
line, feet squared . . . . . . . . . . .

Tail lm@h (25 percent M.A.C. to elevator
hinge ltne), feet . . . . . . . . . . . .

Stabilizer setting from fuselage
reference line (sJ-ltails), degroos . . .

NormeJ contor-of~avity location

Percent mosn e.erodynsmlcchord . . . . . .

Distance %O1OW fuselage refmence,
line, inches . , . . . . . . . . . . .

Relation of stick force to elevator
hfnge momont, pounds per pound-foot . . .

Modol

23.91

2.21

12.34

5.89

1.00

2.013

.133

!5.75

2.00

- -.

--

-.

ktrpkno ‘

233.19

6.63

37.03

5.89

1.00

6.040

1.~96

17.25

2.00

24.60

10.60

.602

.

f
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1. I!issen,Jemes M., G&&berg, Burnett L., and Hsmilixm, Wi.lli.sIQT.:
Correlation of tho Drw Characteristics of a P-51B Airplane
Ohtainod f~cm High+pead Wind-Tunnel aniiFlight Tests.
NACA ACR No. 4K02, 1945.

2. Silverstein, Abe, ma White, Jsnos Aubro~: Wind-lunnel Inter–
foronce with Pmticuk? Refercnco to Off-Contor Positions of
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TABLE I.- SUMMARY OF ELEVATOR HINGE-MOMENT CHARACTERISTICS

Shape of ~ “a+’)
“a

(+

6. fw

Elevator
~,,& curve ab acL c~= o

TAIL for q=Q Otq=o
profile

Mach number

H - -q+ q ‘~ ~’ ~~ ~~ ~~f ‘~~

~ ~ + + ‘0094 ‘0086 ‘0’42 ‘0098 4065 “86

‘1 - > + ‘0082 ‘0068 ‘0’03 ‘00068 ’045 “8°

‘2 - * “+ ‘0059 ‘moo” ‘OO= “030 “0° ’900

‘3 G===- + + ‘0057 ’00% ‘0036 ‘oMo “37 ’47
m- AwmcRY

“Values measured at CL= O and & ❑ O

bValue extrapolated

. . ..— .—
ml’lm Iw) AERalAumos
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ONACA TN No. 1302 Figs. 2,3

Figure 2.- The P-~lB model in the 16-foot wind tunnel.

Figure 3.- The P-51B model with the cooling duct removed.
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Fig. 4

Figure 4.-,The P-51B model supported at the wing tips and
at the tail. .—
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Fig. 19b
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NACA TN ~0. 1302 Fig. Mc
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Fig. 19d NACA TN No. 1302
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NACA TN No. 1302
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Fig, 20 NACA TN No. 1302
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NACA TN ?$(0. 1W2 Fig. 21
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Fig. 22a NACA TN No. 13)2
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NACA TN ITo. 13!)2

/00

:
1?

— _ .
200

—
300 / 600

True Airspeed/

I ‘-w
\ mph

\ -t

o
..—_

.-
-? “

/00 \

*
2
R

200 A
Type of ~at~

---- -- H*
——— /4,
—-— - Ha
—- - Ha

JIJ -

k
200 300 409 500 600

True A)rspeod - mph

NATIONAL ADVISORY
COMMITTEEFM AWMAUTICS



Fig. 23a
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NACA TN No. 1302 Fig.
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Fig. 25b NACA TN No. 1302
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